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Abstract

Ultrasound has become an increasingly valuable tool for the assessment of body composition, offering several applications
and indications in clinical practice. Ultrasound allows bedside evaluation of muscle mass, fat compartments, and extravas-
cular water, providing a cost-effective, portable, and accessible alternative to traditional methods, such as Dual-energy X-ray
Absorptiometry (DEXA), Bioelectrical Impedance Analysis (BIA), Computed Tomography (CT), and Magnetic Resonance
Imaging (MRI). It is particularly useful in evaluating conditions, such as malnutrition, sarcopenia, and sarcopenic obesity,
which require poor muscle mass to establish a diagnosis. The potential uses of ultrasound in body composition assessment
include measurement of muscle thickness, cross-sectional area, pennation angle, and echo-intensity, which are indicative of
muscle health. Additionally, ultrasound can be used to evaluate various fat compartments, including visceral, subcutaneous,
and ectopic fat, which are important for understanding metabolic health and cardiovascular risk. However, the widespread
adoption of ultrasound is challenged by the lack of standardized measurements and the absence of ultrasound measures in
the validated diagnostic criteria. This article reviews the current applications of ultrasound in body composition assessment,
highlighting the recent advancements and the correlation between ultrasound parameters and clinical outcomes. It discusses
the advantages of ultrasound while also addressing its limitations, such as the need for standardized protocols and cut-off
points. By providing a comprehensive update based on recent publications, this article aims to enhance the clinical utility of
ultrasound in assessing and monitoring body composition and pave the way for future research in this field.
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Introduction (Compartment theory) model in clinical practice is the 5-compartment model,
which divides the lean soft tissue compartment into water,
Body composition can be assessed from the molecular to the  skeletal muscle mass, and organs [1]. The various body com-
macroscopic level. The simplest way to divide the human  partment models are shown in Fig. 1.
body is into two major compartments: fat mass and lean Malnutrition is associated with increased risk of disease
mass, which include bone and muscle. A commonly used [2]. Patients diagnosed with sarcopenia, as defined by the
European Working Group on Sarcopenia in Older People 2
(EWGSOP2) [3] or those who are at risk due to treatments

>4 Samuel Garefa Rubio received, are at an increased risk of falls, fractures, disabil-
samuel.garciarubio @osakidetza.eus . . . . ..

ity, hospital admissions, and mortality [4, 5]. Sarcopenia is a
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Fig.1 What can be assessed using ultrasound and its relationship
with body compartments. SC Systemic Congestion. EVLW Extravas-
cular Lung Water. PP Preperitoneal adipose tissue. PR-PR Peri-renal

(GLIM) criteria were used to define and categorize malnutri-
tion according to these guidelines [2]. The identification of
individuals at risk for malnutrition can be achieved through
various means, including the utilization of nutritional screen-
ing questionnaires, such as the Mini-Nutritional Assessment
(MNA) [9], Malnutrition Universal Screening Tool (MUST)
[10], and objective anthropometric assessment measures, such
as body mass index or skinfold thickness, and functional tests,
such as handgrip strength or gait speed, as well as combina-
tions of these. However, these methods are insufficient or inac-
curate for assessing body composition. Techniques, such as
Dual-energy X-ray Absorptiometry (DEXA), Bioelectrical
Impedance Analysis (BIA), Computed Tomography (CT), and
Magnetic Resonance Imaging (MRI), offer better insights but
are not always accessible or affordable. Ultrasound has gained
interest for body composition assessment owing to its ease of
use, cost-effectiveness, and reproducibility, allowing bedside
evaluation of the muscle, fat, and extravascular water com-
partments. However, it lacks standardized measurements and
criteria, hindering its validation for diagnosing malnutrition
according to the GLIM criteria [11]. This review discusses
the use of ultrasound in body composition assessments based
on recent publications.
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and para-renal adipose tissue. EP Epicardial adipose tissue. EC
Ectopic adipose tissue (hepatic steatosis and myosteatosis)

Skeletal muscle compartment

Disease-related malnutrition (DRM), sarcopenia, and
sarcopenic obesity are prevalent conditions where their
main pathophysiological features converge in the loss of
function, quantity and quality of skeletal muscle mass [2,
12, 13]. This loss of muscular properties leads to adverse
clinical outcomes and is an important prognostic factor
of increasing interest in literature [5, 14]. Notably, it is
imperative to evaluate skeletal muscle function in patients
suspected of DRM, sarcopenia, or sarcopenic obesity, as
ultrasound or any other diagnostic modality used for esti-
mating skeletal muscle mass cannot measure muscle func-
tion, which is a crucial parameter for a comprehensive
assessment of the patient’s morpho-functional status [12,
15].

The classification criteria for these entities require the
demonstration of skeletal muscle mass loss using vali-
dated techniques to establish a diagnosis. Although none
of the most established consensus criteria (GLIM for
DRM, EWGSOP?2 for sarcopenia, or EASO for sarcopenic
obesity) currently recognize ultrasound as a "validated"
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method for assessing skeletal muscle mass [2, 12, 13],
there is growing interest in the dissemination of muscular
ultrasound because of its advantages over other diagnostic
alternatives (CT, MRI, BIA, or DEXA). Specifically, port-
ability, availability, cost-effectiveness, and lack of radia-
tion use make it a promising diagnostic tool for skeletal
muscle mass assessment [16]. Ultrasound is an effective
method for evaluating skeletal muscle mass, as it is both
reproducible and user-friendly at the bedside, without a
steep learning curve [17-19].

Muscle thickness, cross-sectional area (CSA), pennation
angle (muscle fiber insertion angle with deep aponeurosis),
fascicle length, and echo intensity were included in the ini-
tial research, whereas muscle volume, stiffness measured by
shear-wave elastography (SWE), contraction potential, and
microcirculation are promising markers of muscle assess-
ment [20], conforming two types of ultrasound assess-
ment: quantitative and qualitative. Quantitative evaluation
(including muscle thickness and cross-sectional area) was
compared with the gold standards (DEXA, MRI, and CT)
and revealed a good correlation [17]. Little information is
available regarding muscle volume and its relationship with
functional parameters [21].

Qualitative methods include the pennation angle (in pen-
nated muscles only), which is related to force-generating
capacity [22] and has some evidence of correlation with
gait speed [23]. Echo-intensity may reveal the presence of a
fat-infiltrating muscle, known as myosteatosis. As a subjec-
tive and operator-dependent parameter may not be ideal for
myosteatosis detection [24], although grayscale analysis can
be used to standardize the measurement [25]. Changes in
muscular composition lead to changes in tissue deformation
and stiffness which can be assessed using SWE.

Most of these parameters are typically assessed with the
aid of a multifrequency linear probe; however, caution must
be taken when positioning it to prevent inappropriate insona-
tion angles [24], as this could lead to errors in the measure-
ment of muscle parameters. Additionally, it is important to
minimize the pressure applied to the patient to ensure that
no involuntary distortions are made in the measurement
distances [26]. A curvilinear probe can be used with a rela-
tively good correlation to the linear probe [27]; however,
using the latter is advised [26]. The authors recommend
performing the ultrasound evaluation with an appropriate
ergonomic stance, the forearm rested in the patient’s body
to elude involuntary muscular compression, with a sufficient
amount of coupling gel, and ensuring a proper insonation
angle, as opposed to holding the probe by the cable or most
proximal part, which could lead to an incorrect insonation
angle. Inaccurate measurements depending on the pressure
or insonation angle are shown in Fig. 2.

According to the most recent literature, up to 39 differ-
ent muscles can be measured for muscle mass estimation

Fig.2 Correlation between image, probe position, and pressure. The
upper image shows the correct view of the rectus femoris muscle.
The middle image depicts an incorrect insonation angle and distortion
in the muscle appearance and thickness. The pressure applied to the
muscle is transferred to the muscle to obtain a shrunken image with
falsely small thickness, as shown in the lower image demonstrates

[20]. The use of different protocols and the measurement of
different parameters challenge the role of skeletal muscle
ultrasound in these scenarios Thus, it is imperative to under-
take efforts towards the standardization of this technique
[20, 28, 29]. Lower limb muscles account for the majority
of studies assessing sarcopenia, as evidence suggests that
mid-tight muscle mass shows good correlation with total
body muscle mass [30]. The rectus femoris muscle (RFM) is
a well-studied exponent of skeletal muscle mass [20].

Rectus femoris muscle

RFM is a pennate muscle that proximally attaches to the
anterior inferior iliac spine and distally to the patella via
the patellar tendon, running superficially along the anterior
thigh. Unlike the adjacent muscles, it has a central aponeu-
rosis, which makes it easily recognizable (Fig. 3). Previous
studies have shown that RFM has a good correlation with
total body muscle mass on MRI [30], DEXA, or BIA [31],
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Fig.3 Ultrasound of the RFM.
Left image: determination of the
point for measurement, halfway
point (A), and two-thirds point
(B). Right images: Al Trans-
verse section of the RFM at its
halfway point. Note the central
aponeurosis (asterisk) and

how the lateral margins exceed
the ultrasound field of view,
preventing the measurement

of the transverse axis (X-axis).
A2: Longitudinal section of the
RFM. Note the angle formed

by the RFM fibers with the pos-
terior fascia (pennation angle).
B: Transverse section of the
RFM at two-thirds point. Note
that the diameters and areas are
significantly smaller than those
at the halfway point, with the
central aponeurosis not visible.
1- RFM; 2- subcutaneous tissue;
3- vastus intermedius muscle; 4-
femur; 5- vastus lateralis mus-
cle; 6- vastus medialis muscle

as well as handgrip strength and anthropometric measure-
ments such as calf circumference [11]. It is easily acces-
sible and identifiable by ultrasound, and its evaluation has
demonstrated excellent intra- and inter-observer correlations
[18]. Therefore, RFM assessment has emerged as the most
promising method for ultrasound study of sarcopenia.
RFM is measured using various protocols that primarily
differ in the locations where the measurements are made.
There is a reasonable consensus [26] that the patient should
be positioned supine, with the lower limbs extended and
relaxed, although some studies have performed the assess-
ment in a seated position. The patient must have been rested
before the examination. Measurement is recommended on
the dominant side (usually the right leg), although signifi-
cant asymmetries are uncommon [32]. To establish muscle
length, the distance between the anterior superior iliac spine
(or the greater trochanter) and the upper edge of the patella
can be used as a reference [20, 26]. Measurements should be
taken either at the midpoint of this distance or at the junction
between the proximal two-thirds and distal third [20, 26].
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RFM is thicker at the midpoint and tapers distally. Thus, at
its midpoint, the muscle width may surpass the boundaries
of the ultrasound window, preventing measurement of the
transverse axis or cross-sectional area [20, 26]. This problem
usually does not occur distally, where the muscle is narrower
(Fig. 3). Currently, there is no evidence to recommend one
measurement point over another, although reference values
and cut-off points are not interchangeable and should not be
used indiscriminately. When the measurement is taken at the
midpoint of the RFM, panoramic vision and extended field-
of-view software can expand the field-of-view to encompass
the entire muscle.

Regardless of the chosen measurement point, in the
transverse view, the anteroposterior diameter (Y-axis or
muscle thickness, measured between the deep and super-
ficial fascia) and laterolateral diameter (X-axis), as well as
the muscle cross-sectional area and echo intensity pattern,
will be recorded [26]. Visualization of the anteroposterior
diameter along the Y-axis, pennation angle, and muscle fas-
cicle length can be achieved by rotating the transducer by



Internal and Emergency Medicine

90°and positioning it longitudinally relative to the muscle
(see Fig. 3).

In recent years, numerous studies have demonstrated that
sarcopenic patients and those presenting with DRM have
smaller muscle thicknesses, cross-sectional areas, and pen-
nation angles. The ratio between the X-axis and Y-axis also
shows a good correlation with sarcopenia (the higher the
X-axis/Y-axis ratio, the greater the probability of sarcopenia)
[33]. Among these parameters, the muscle thickness (Y-axis)
provides the most robust evidence. In any case, the primary
obstacle to employing RFM ultrasound for assessing sarco-
penia is the lack of adequately validated cut-off points that
accurately distinguish patients with reduced muscle mass.
Although a few noteworthy studies have been published
recently, it is necessary to authenticate these findings and
ascertain how these benchmark values behave in various
populations. The proposed cut-off points in various studies
and their diagnostic values are summarized in Table 1.

In practical terms, until standardized cut-off points are
established, it will be necessary to interpret ultrasound meas-
urements by considering the population being examined
(e.g., geriatric and surgical patients), the specific location
of the measurement (midpoint or distal third), the intended
purpose of the measurement, and the whole clinical picture.
Lower cut-off values will be more beneficial in older patients
and when a high positive predictive value is needed, whereas
higher values may be used in younger populations and/or
when a high negative predictive value is required. Regard-
less of the absolute value of the measurements, evaluating
the temporal evolution allows for assessing the improvement
or deterioration of muscle mass, such as the decline associ-
ated with hospitalization or the response to functional reha-
bilitation treatment.

Echo intensity is also an important parameter in the
assessment of RFM and allows for the identification of
qualitative muscle alterations, such as myosteatosis and
myofibrosis.

Other muscles

The vastus intermedius muscle arises from the front and
lateral surfaces of the femur body in the upper two-thirds,
sitting under the RFM, and from the lower part of the lateral
intermuscular septum. Although close in relation to RFM,
measuring the thickness of both muscles (quadriceps femoris
thickness) or vastus intermedius thickness alone [32, 35]
does not seem to provide better diagnostic performance than
exclusively assessing RFM [37].

Among other lower-limb muscles, the medial gastroc-
nemius (MG) muscle shows a promising correlation with
sarcopenia [37]. MG thickness is evaluated in a prone posi-
tion, with legs extended and relaxed, and feet hanging off
the examination bed. The muscle thickness is measured in

the area where the largest cross-sectional area is observed on
B-mode imaging. A tentative cut-off point of 1.5 cm showed
good diagnostic performance (area under the curve 0.82) for
sarcopenia (defined by DEXA) [38]. In outpatient geriatric
patients, MG thickness < 1.23 mm (in both sexes) showed
interesting diagnostic accuracy (AUC 0.9) for sarcopenia
(according to EWGSOP?2 criteria). Although promising,
patient positioning could be a limiting factor depending on
the patient’s performance status.

One promising application is the use of ultrasonogra-
phy to assess diaphragm thickness, which has been found
to exhibit a moderate correlation with respiratory strength
measured by mouth pressure manometry [39]. Additionally,
this measurement has been suggested as a valuable prognos-
tic marker for diseases characterized by dyspnea [40].

Elastography

SWE uses ultrasound imaging to measure the elasticity of
tissues by analyzing the velocity of the shear waves (Fig. 4).
It requires specialized ultrasound probes and software, which
may limit the access to this technique. Tissue depth and sur-
rounding tissue elasticity may influence SWE results [41],
revealing that RFM is the ideal region of interest because
of its greater distance to the femur. In elderly patients with
type 2 diabetes and sarcopenia, SWE shows a lower stiff-
ness of RFM than age-paired patients without sarcopenia,
showing a promising tool for sarcopenia screening [42]. As
muscle rigidity may reveal changes in muscle composition
(and thus probably in muscle function and muscle weak-
ness [43]), it shows a better correlation than RFM thickness
or CSA with physical or muscle function in patients with
chronic obstructive pulmonary disease [44]. There are some
considerations for avoiding unreliable results in SWE such
as using a minimal amount of coupling gel to avoid falsely
increasing tissue stiffness [45], positioning the patient com-
fortably to elude involuntary muscle contraction and scan-
ning superficial muscles [46]. Notably, a significant portion
of the fluctuation in SWE might be attributed to age, and the
conflicting results of different studies, where older individu-
als showed both higher and lower stiffness, warrant further
investigation [47].

Fat compartment

Similar to muscle tissue, CT and MRI are the gold stand-
ard tests for measuring the fat compartment. However, as
mentioned earlier, ultrasound is emerging as a reference
technique for evaluating and assessing body composition
because of its accessibility, reproducibility, and ability to
facilitate much faster progress in research in this area.

@ Springer
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Table 1 Proposed ultrasound cut-off points in the literature for determining low muscle mass in RFM

Author Measurement

Cut-off values

Diagnostic value

Population

Rustani et al.[34] Halfway point, supine

De Luis et al. [29]

Fukumoto et al. [35] Halfway point, sitting position

Barotsis et al. [32]  Halfway point, supine

Wilkinson et al. [36] Halfway point, sitting position

Ozturk et al
(11

Halfway point, supine

Two thirds point, supine

Muscle thickness
Male 0,9 cm
Female 0,7 cm

For severe sarcopenia:
Y-axis (MT)

Male 0,86 cm

Female 0,88 cm
X-axis

Male 3,78 cm

Female 3,77 cm

CSA

Male 3,41 cm?
Female 3,12 cm?

Muscle thickness
Male 1,51 cm
Female 1,43 cm

M thickness
Transverse 1,54 cm

Cross-sectional area
Male 8,9 cm?
Female 5,7 cm?

Muscle thickness
Male 1,7 cm
Female 1,13 cm
Cross-sectional area
Male 7,2 cm?
Female 4 cm?

Sn 100%
Sp 64%
AUC 0,9
PPV 64%
NPV 100%

Males

Sn 75-95%

Sp 62-77%
AUC 0,73-0,82
PPV 9-15%
NPV 98-99%
Females

Sn 54-95%

Sp 50-77%
AUC 0,56-0,60
PPV 5-6%
NPV 98%

Males

Sn 69%

Sp 84%
AUC 0,775
Females
Sn 60%

Sp 67%
AUC 0,654

Sn 69%
Sp 65%
AUC 0,67

Males

Sn 100%
Sp 47%
AUC 0,7
PPV 25%
NPV 100%
Females:
Sn 100%
Sp 71%
AUC 0,9
PPV 22%
NPV 100%

Males (MT-CSA)
Sn 86-100%

Sp 54-60%

AUC 0,74-0,76
PPV 26-32%
NPV 95-100%
Females (MT-CSA)
Sn 80-100%

Sp 85-80%

AUC 0,84-0,94
PPV 36-36%
NPV 98-100%

119 hospitalized Internal Medicine
patients, mean age 82.8 years

991 hospitalized patients (excluding ICU),
mean age 58.5 years

204 Japanese community-dwelling
patients, mean age 75.4 years

94 outpatients, mean age 75,6 years

113 outpatients with chronic kidney
disease (not on renal replacement), mean
age 62 years

118 patients admitted to Internal Medicine,
mean age 64 years

MT muscle thickness, Sn sensitivity, Sp specificity, AUC area under the curve, PPV positive predictive value, NPV negative predictive value,
Y-axis anteroposterior diameter, X-axis side-lateral diameter, CSA cross-sectional area, /CU intensive care unit

Fat compartment ultrasound evaluation presents a
more complex task than assessing muscle tissue because
of the various types of fat tissue with distinct functions
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(regenerative, remodeling, nutritional, metabolic, immune,
etc.) that exist in different anatomical locations [48], neces-
sitating a more nuanced evaluation. This complexity makes
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Fig.4 SWE imaging of normal RFM (left image) and RFM with myosteatosis (right image), where a decrease in muscle stiffness can be noted
by the predominance of red and yellow tones in the elastographic color map

the complete assessment of fat compartments using ultra-
sound challenging.

Two primary types of adipose tissue exist: brown, charac-
terized by its multiloculated structure and primary function
of heat production, and white, characterized by its unilocu-
lated structure and primary function of energy storage [49].
Ultrasonography to assess body composition focuses on the
latter type of adipose tissue.

White adipose tissue is categorized into two primary
regions: central (located in the trunk, mainly the abdomen)
and peripheral (in the limbs). White adipose tissue is further
subdivided into visceral (surrounding various organs and
viscera, including the omentum and mesentery) and subcu-
taneous (beneath the skin) compartments. The subcutaneous
adipose tissue is divided into superficial and deep layers.
Additionally, fat can accumulate within or infiltrate various
organs, resulting in myosteatosis and hepatic steatosis.

Below, we provide a more detailed explanation of the
different locations and characteristics of fat compartments.

Visceral fat

Visceral fat surrounds organs and viscera and is therefore, by
definition, central fat. It is divided into preperitoneal, peri-
and para-renal, epicardial, and intra-abdominal fat. Visceral
fat is correlated with the presence of cardiovascular disease
risk factors, including comorbidity variables associated with
obesity, such as elevated levels of triglycerides, LDL cho-
lesterol, and apolipoprotein B, as well as low levels of HDL
cholesterol, increased insulin resistance, and hyperinsuline-
mia. Additionally, the size of this compartment is linked to

changes in the serum concentrations of leptin, TNF-a, and
sex hormones.

Preperitoneal fat

This is located beneath the rectus abdominis muscles and
up to the peritoneum, and should be measured with a linear
probe from the linea alba to the parietal leaf of the perito-
neum. Owing to its accessibility and ease of acquisition, this
is the most studied visceral fat on ultrasound, and it can be
measured at two points:

1. Just below the xiphoid process (maximum preperitoneal
fat), in a longitudinal section, as the ribs may interfere
with contact between the probe surface and skin if per-
formed in a transverse section.

2. At the midpoint of an imaginary line connecting the
xiphoid process and navel, in the transverse section.

In a pilot study conducted on hospitalized patients, the
maximum preperitoneal fat was found to be related to the
number of hospital days (the less fat, the longer the hospital
stay) and constituted an independent prognostic variable for
hospitalized patients [50].

Peri- and pararenal fat
This is the visceral fat surrounding the kidney. Anatomically,
perirenal fat is more external, located between the interme-

diate fascia of the retroperitoneum and the renal fascia,
whereas para-renal fat is found inside the renal fascia. The
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thickness of peri- and para-renal fat measured by ultrasound
correlates better with total and visceral fat than body mass
index (BMI), waist circumference (WC), and other obe-
sity indices. Additionally, it has been described to have a
local mechanical and paracrine effects on the kidneys [51].
In patients with type 2 diabetes mellitus, it is more closely
related to glomerular filtration rate than other obesity-related
indicators and could therefore be a predictor of chronic kid-
ney disease (CKD) in this population [52]. For its assess-
ment, a low-frequency convex probe is necessary, with the
patient in a supine or seated position, and an imaging section
conducted along the axillary line in a coronal orientation.

Epicardial fat

Epicardial and pericardial fat are present around the heart,
but epicardial fat has cardiovascular implications [53], which
is the focus of this discussion. Epicardial fat secretes bioac-
tive molecules that exert modulatory effects on the myocar-
dium. Anatomically and echocardiographically, it is located
between the myocardium and visceral layer of the pericar-
dium, covering approximately 80% of the heart’s surface
[54].

Intra-abdominal fat

Intra-abdominal fat is present in both abdominal and pelvic
regions. It is categorized into two types: intraperitoneal fat
and extraperitoneal fat. Intraperitoneal fat includes omental
fat, which is located in the greater omentum, and mesen-
teric fat. Extraperitoneal fat comprises retroperitoneal fat,
which is situated between the peritoneum and transverse
fascia and includes peri- and para-renal fat, as well as pre-
vertebral fat. Additionally, extraperitoneal fat exists between
pelvic organs, including parametrial, retropubic, paravesical,
retrouterine, pararectal, and retrorectal fat [49]. Although
important, intra-abdominal fat is not routinely measured by
ultrasound as part of body composition evaluations, with
the exception of peri- and para-renal fat, which are more
standardized).

Subcutaneous fat

Subcutaneous fat is located beneath the dermis and usually
covers the muscles. It can be centrally located (in the trunk)
or peripherally located (in the extremities) and has both
superficial and deep components separated by the circum-
ferential subcutaneous fascia, although they are often indis-
tinguishable. There is no consensus on whether differences
exist in the metabolic implications of each component [49].
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Central

This fat is located in the thorax and abdomen and has greater
implications for increasing cardiovascular and metabolic
risks than peripheral fat, because it is associated with a
higher risk of insulin resistance [55]. The fat measured ultra-
sonographically is located in the abdomen between the skin
and linea alba. The minimum central subcutaneous tissue (in
the subxiphoid region) and the maximum (at various loca-
tions, such as the midpoint of the line connecting the xiphoid
process and the navel or 2 cm cranial or caudal to the navel)
can be measured.

Peripheral

This fat is located in the extremities and can be assessed at
any point. However, ultrasonography is generally employed
to gauge the rectus femoris and concurrently evaluate sub-
cutaneous adipose tissue in this particular area.

Ectopic fat
Myosteatosis

Myosteatosis is a condition characterized by the infiltration
of intra- and intermuscular fat, which results in the reduc-
tion of muscle strength and quality. This leads to poorer
muscle functionality and survival, as previously stated [56].
Fat infiltration causes a loss of muscle fiber definition and,
owing to its association with lower functionality, results in
a smaller muscle size (not necessarily thickness). This has
been demonstrated in thigh muscles, particularly the quadri-
ceps, which is why the evaluation of echo intensity in RFM
is crucial. However, this has not been observed in calf mus-
cles [57]. Myosteatosis can occur in both obesity and aging,
and it can be detected through ultrasonography, which dis-
plays increased echogenicity in affected muscles. Although
attempts have been made to quantify it in grayscale, there are
significant differences between ultrasound machines, which
complicate the standardization and comparability of meas-
urements [20, 26]. Qualitative assessment is possible using
the Heckmatt scale, which establishes four grades depend-
ing on the loss of muscular structure and the underlying
bone ultrasound reflection [58]. Distinguishing between
extremes may be relatively straightforward, but discerning
subtle variations can be challenging [59]. In our opinion, in
a simplistic and subjective (albeit pragmatic) manner, loss
of visualization of the central aponeurosis of the RFM could
indicate the presence of myosteatosis/myofibrosis (Fig. 5).
This suggests a relevant change in muscle metabolic func-
tion and health, which may necessitate comparable manage-
ment through lifestyle modifications and physical therapy
[60]. As mentioned above, computer-aided systems can
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Fig.5 A: Image at the midpoint of the imaginary line between the
xiphoid process and navel, showing the skin, central subcutaneous fat
(1), linea alba (2) between the rectus abdominis muscles, and prep-
eritoneal fat (3). B: Image taken at the distal third of the imaginary
line between the anterior superior iliac spine and the upper border of
the patella, showing the peripheral adipose panicle (4) and the RFM
reduced in size with fat infiltration (5) in a patient with sarcopenic
obesity. C1: Normal RFM (6) with central aponeurosis (asterisk) is

standardize measurements and increase echo intensity valid-
ity and reproducibility.

Hepatic steatosis

This is the accumulation of fat in the liver and is a com-
ponent of the metabolic syndrome. Ultrasonographically, it
appears as increased echogenicity of the liver parenchyma
when compared to the renal cortex or spleen, and loss of
definition or non-visualization of the posterior segments and
deep structures, such as the diaphragm and vessels [61]. It is
classified as mild, moderate, or severe. Ultrasound has very
good accuracy in moderate-to-severe steatosis compared to
other imaging tests [62].

Water compartment
Ultrasound does not allow the direct evaluation of body

water distribution. Nevertheless, it can aid in the accurate
detection of extravascular water in cavities, such as ascites

clearly visible. C2: RFM with myosteatosis (7), where the central
aponeurosis is not clearly visible. D: Image taken at the right mid-
axillary line, showing increased echogenicity of the liver parenchyma
(8) compared to the renal cortex (9), as well as difficulty in visual-
izing the posterior segments (hepatic steatosis). E: Image showing
the kidney, perirenal fat (10), and para-renal fat (11) bounded by the
intermediate fascia of the retroperitoneum and the renal fascia

and pleural effusion [63]. In selected clinical contexts, these
findings may suggest congestion and, therefore, an expan-
sion of the extracellular volume. Similarly, interstitial lung
water, known as Extravascular Lung Water (EVLW), can
be qualitatively evaluated by the presence of B-line arti-
facts, which exhibit an anterior, bilateral, and symmetrical
distribution, along with a regular and homogeneous pleural
line [64]. The presence or absence of pulmonary congestion
should be sufficient to modify treatment plans, even though
EVLW is quantitatively measured by other means, such as
transpulmonary thermodilution systems [65].

The estimation of intravascular water volume by ultra-
sound is not feasible; however, it can be approximated by
evaluating systemic venous congestion using innovative
techniques, such as multidimensional analysis of the inferior
vena cava, suprahepatic, portal, and renal hemodynamics.
This allows the assessment of improvement or deteriora-
tion, which appears to be related to congestion-induced renal
failure [66].

As part of a comprehensive clinical evaluation, ultra-
sonography can help determine the patient’s ability to
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tolerate fluid therapy. This question is distinct from the
assessment of body water distribution, but the methods
described above are accurate in identifying excess body
water. Examples of ultrasound assessment of the water com-
partment are shown in supplementary material.

Conclusions

The assessment of body composition is crucial for evaluat-
ing nutritional status and sarcopenia. Typically, this involves
the use of costly or less accessible tests, such as DEXA,
BIA, CT, or MRI. However, ultrasound offers a more acces-
sible and cost-effective alternative without radiation expo-
sure and has a relatively short learning curve. Ultrasound has
proven useful in analyzing body composition, including the
muscle, fat, and water compartments. Recent advancements
have enhanced the techniques and interpretation of ultra-
sound findings, particularly with respect to muscle mass.
Ultrasound is now recognized as a valuable complement to
the assessment of nutrition-related sarcopenia, and as an
objective tool for patient follow-up.

The specific changes in muscle characteristics that occur
as a result of age or disease necessitate the development of
customized cut-off points. It is essential to aim for higher
positive or negative predictive values, depending on the
clinical scenario and pre-test probabilities for sarcopenia
or malnutrition. This approach is similar to other medical
applications of ultrasound, in which the goal is to achieve
accurate diagnostic results. Computer-assisted measure-
ments of echo-intensity or SWE can improve the reliability
of intra- and inter-operator variability and mitigate the dif-
ferences in ultrasound machine settings.

Ultrasound enables detailed assessment of various fat
compartments with significant metabolic implications, mak-
ing it a promising tool for cardiovascular risk prediction.
Future research should focus on larger trials with external
validity, encompassing diverse ethnic and age groups, and
relevant cardiometabolic endpoints.

Currently, there are no adequately validated cut-off points
for diagnosing and classifying patients based on ultrasound
findings. These cut-off points should be compared with
existing gold standard techniques and demonstrate correla-
tions with clinical outcomes. Standardized criteria, such as
those from GLIM [2], EWGSOP2 [12], and EASO [13],
should be used to ensure consistency in future studies. Given
the growing interest in ultrasound, many current limitations
and uncertainties are expected to be resolved in the near
future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-024-03756-8.
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